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CHG D/\TE=20020103 STATUS=0> The purpose of the invention is to fabricate a 
near field optical head capable of recording and reading high density 
information at high speed with excellent mass production. In the invention, 
stoppers having almost the same height as that of a tip of conical or pyramidal 
shape are disposed around the tip, a part of a pressing body covering the tip 
and the stoppers is displaced by an external force, a part of the pressing body 
having displaced is allowed to come into contact with an opaque film near the 
point of the tip and thereby an aperture is formed. According to a fabricating 
method of the invention, multiple apertures can be formed in a block. Thus, 
the near field optical head is excellent in mass production and the formed 
aperture has a structure of high optical efficiency and high resolution. 
Therefore, the near field optical head capable of performing recording/reading 
in high density and at high speed can be fabricated in excellent mass 
production. <IMASE> 
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^ Method for lormir.g aperture, near field o^ica. head and method lor fabricating the san,e 
and information recording/reading apparatus 

(57) The purpose of the invention is to fabricate a 
near field optical head capable of recording and reading 
high density information at high speed with excellent 
mass production. In the invention, stoppers having al- 
most the same height as that of a tip of conical or py- 
ramidal shape are disposed around the tip, a part of a 
pressing body covering the tip and the stoppers is dis- 
placed by an extemal force, a part of the pressing body 
having displaced is allowed to come into contact with an 
opaque film near the point of the tip and thereby an ap- 
erture is formed. According to a fabricating method of 
the invention, multiple apertures can be fonned in a 
block Thus, the near field optical head is excellent in 
mass production and the fomied aperture has a struc- 
ture of high optical efficiency and high resolution. There- 
fore the near field optical head capable of perfoniiing 
recording/reading in high density and at high speed can 
be fabricated in excellent mass production. 

FIG. 2 
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Description 

[0001 ] The present invention relates to a near field op- 
tical head for recording/reading information on a record- 
ing medium by utilizing the interaction of a near field light 
and a method for fabricating the same. 
[00021 An information recording/reading apparatus 
using li^ts has been evolving into the realization of 
large capacity and downsizing. On that account, the re- 
alization of a high density recording bit is demanded. As 
measures for that, studies using a blue-violet semicon- 
ductor laser or an SIL (Solid Immersion Lens) have been 
conducted. However it is only hoped that these tech- 
niques will result in the Improvement to the extent of a 
few times current recording density due to a problem of 
the diffraction limit of light. In contrast to this, a method 
for recording/reading Information utilizing a near field 
light is expected as a technique of handling optical in- 
formation in microregions exceeding the diffraction limit 
of light. 

[0003] This technique utilizes the near field light that 
is generated by the interaction of a microregion with an 
aperture formed in a nearfield optical head having a size 
equal to or under the light wavelength. Thereby, optical 
information in areas equal to or below the light wave- 
length can be handled, which is considered to be a limit 
in a conventional optical system. Thus, the realization 
of a high density optical memory can be expected. The 
principle in reading will be introduced in brief. Generally, 
in a method called a collection mode, a scattered light 
first is in^adiated onto the surface of a recording medium 
and thereby a near field light is localized in the periphery 
of a micromarit in accordance with a structure of the mi- 
cromarit on the surface of the recording medium. This 
near field light is optically interacted with an aperture to 
be converted into a scattered light and Is detected 
through the aperture and thereby data reading is made 
possible. Additionally, a method called an illumination 
mode, a propagation light Is Inradlated onto the aperture 
and thereby a near field light is generated in the periph- 
ery of the aperture. The near field light is allowed to 
come dose to the surface of the recording medium to 
interact with the micro-optical information recorded on 
the surface of the recording medium . The light scattered 
thereon is detected by a detector that is disposed sep- 
arately and thereby reading can be conducted. Further- 
more, as a method tor recording infomiation, it is per- 
formed such that a near field light generated from an 
aperture is irradiated onto the surface of a recording me- 
dium to change the topology of the microregion on the 
recording medium (heat mode recording) or the refrac- 
tive index or the transmlssivity of the microregion is al- 
tered (photon mode recording). The near field optical 
head having an aperture exceeding the diffraction limit 
of light is used in these methods and thereby the reali- 
zation of a high density recording bit exceeding an con- 
ventional optical information recording/reading appara- 
tus can be attained. 



p)004] In the case of fabricating such a near field op- 
tical head for recording/reading optical infonnation. the 
aperture formation that directly influences the resolution 
or the signal-to-noise ratio of signals is an important 
5 process. As one method for producing an aperture, a 
method disclosed in Japanese Patent Publication No. 
21201/1993 is known. In the manner of producing the 
aperture by this method, an opaque film on a point is 
plastically deformed by pressing a pointed light 
10 waveguide on which the opaque film is deposited 
against a hard flat plate with a very small amount of 
pressing, which is well-controlled by a piezoelectric ac- 
tuator. 

[0005] Additionally, another methodforfonning an ap- 
is erture Is disclosed in Japanese Patent Lald-Open No. 
265520/1999. The manner of forming the aperture by 
this method is conducted by in-adiating an FIB (Focused 
Ion Beam) to the vicinity of the point of an opaque film 
covering a projection from the side direction to remove 
20 the opaque film from the point of the projection. 

[0006] However, according to the method of Japa- 
nese Patent Publication No. 21201/1993. the aperture 
can be formed on the light waveguide only one by one. 
Additionally, a piezoelectric actuator having a moving 
25 resolution of a few nanometers is needed to control the 
amount of pressing and thus an aperture fonning appa- 
ratus has to be placed in an environment which is little 
influenced by vibration of other devices or air. Further- 
more, it takes much time to adjust a waveguide rod to 
30 vertically abut on the flat plate. l\«oreover. in addition to 
the piezoelectrfc actuator having a small moving 
amount, a mechanical translation platfomn having a 
large moving amount Is needed. Besides, when the 
pressing amount is controlled by using the piezoelectric 
35 actuator having a small moving resolution, a control unit 
is required and it takes a few minutes to control and f omn 
the aperture. Therefore, for aperture fomiatlon. a large- 
scale apparatus such as a high voltage power supply or 
a feedback circuit is needed. In addition, a problem has 
40 arisen that costs for aperture fonnation are increased. 
[0007] Additionally, according to the method ot Japa- 
nese Patent Lald-Open No. 265520/1 999. a fabrication 
object is the projection on the flat plate. However, since 
the aperture is formed by using the FIB, the time re- 
45 quired to fomn one aperture is as long as ten minutes 
Furthennore, because of using the Fl B, a sample needs 
to be placed In vacuum. Thus, a problem has arisen that 
fabrication costs for aperture fabricatfon are increased. 
[0008] The invention has been invented in the light of 
so the problems as set forth. It Is an object to provide a 
method for fomning an aperture easily. 
[0009] The method for producing the aperture accord- 
ing to the invention comprises with respect to an object 
for aperture fonnation having a tip of conteal or pyram- 
idal shape, a stopper having almost the same height as 
that of the tip and an opaque film formed on the tip, dis- 
placing a pressing body having approximately a planar 
part covering the tip and at least a part of the stopper 
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by a force having a component toward the tip to f onn an 
aperture on the point of the tip. 
pjOlO] Additionally, the method for producing the ap- 
erture according to the Invention comprises with respect 
to an object for aperture formation having a tip of conical 
or pyramidal shape, a stopper having almost the same 
height as that of the tip and an opaque film formed on 
the tip, displacing a pressing body having a planar part 
to come Into contact with the tip and at least a part of 
the stopper in the directton toward the tip to f omi an ap- 
erture on the point of the tip. 

[001 1 ] Furthemnore, the method for producing the ap- 
erture Is characterized In that the tip and the stopper 
disposed near the tip are fomied simultaneously to be 
the object for aperture fonnatlon. 
[0012] Moreover, a plurality of tips Is formed on the 
object for aperture formation and then an aperture Is 
fomed on the point of a plurality of the tips simultane- 
ously. 

[0013] Besides, the method for producing the aper- 
ture Is characterized in that the object for aperture for- 
mation is made of a plurality of the tips and stoppers. 
[0014] Additionally, a near field optical head Is char- 
acterized by having a tip of conical or pyramidal shape 
pointed toward a recording medium; an opaque film cov- 
ering the tip; a plurality of stoppers having almost the 
same height as that of the tip; an aperture formed by 
deforming at least a part of approximately a flat plate 
covering the tip and at least a part of the stoppers to 
allow it to come Into contact with the opaque film near 
the apex of the tip. 

[001 5] Furthennore, the near field optical head Is con- 
figured to have a tip of conical or pyramidal shape point- 
ed toward a recording medium; an aperture formed on 
the point of the tip; an opaque film covering the tip; and 
a plastically defomned part vifhere the opaque film near 
the aperture Is plastically defomned. 
[0016] Moreover, the near field optical head is char- 
acterized in that a plurality of the apertures exists in the 
near field optical head. 

[0017] Besides, the near field optical head Is charac- 
terized in that the tip and the stopper are made of the 
same material. 

[0018] Additionally, the nearfield optical head Is char- 
acterized in that a part of the tip projects from a part of 
the opaque film. 

[0019] Furthermore, the near field optical head is 
characterized In that a part of the near field optical head 
receives a lift force by a relative motion with the record- 
ing medium, and the lift force is utilized as a way to keep 
the distance between the aperture and the recording 
medium constant. 

[0020] Moreover, the near field optical head is char- 
acterized In that a part of the stopper receives the lift 
force. 

[0021 ] Additionally, a method for fabricating the near 
f ield optical head according to the invention comprises 
the steps of: fomiing a tip of conical or pyramidal shape 



pointed toward a recording medium; fomning a stopper 
having almost the same height as that of the tip; f onning 
an opaque film on the tip; and fomiing an aperture on 
the apex of the tip by allowing a plate-like member cov- 
5 ering the tip and at least a part of the stopper to come 
Into contact with the tip to defomn the opaque film near 
the apex of the tip. 

[0022] Furthennore, the method for fabricating the 
nearfield optical head is characterized In that in the step 
10 of fomiing an aperture, a plurality of the apertures In a 
plurality of the near field optteal heads is formed simul- 
taneously. 

[0023] Themethodforfabricatingthe nearfield optical 
head is characterized in that a plurality of the apertures 
15 exists In the near field optical head and the plurality of 
the apertures Is fonned in the step of fonning the aper- 
ture. 

p>024] The method forfabricating the nearfield optical 
head is characterized In that the step of fomning the tip 
20 and the step of fomiing the stopper are the same step. 
[0025] The method forfabricating the nearfield optical 
head is characterized In that the tip and the stopper are 
made of the same material. 

[0026] The method forfabricating the nearfield optical 
2s head Is characterized by comprising the step of remov- 
ing the stopper after fomning the aperture. 
[0027] Additionally, an Information recording/reading 
apparatus according to the Invention comprises: a re- 
cording medium; a nearfield optical head having an ap- 
30 erture on the recording medium side; and a light guiding 
structure for guiding a luminous flux from a light source 
to the near field optksal head, wherein the near field op- 
tical head has a tip of confcal or pyramidal shape trans- 
parentto a light having a desired wavelength, an opaque 
35 film covering the tip and an aperture fonnatlon mecha- 
nism. 

[0028] Furthennore, the aperture fonnatlon mecha- 
nism is a stopper having almost the same height as that 
of the tip. 

40 [0029] Moreover, a distance-control mechanism for 
controlling the distance between the near field optical 
head and the recording medium Is provided. 
[0030] Besides, the aperture fonnatlon mechanism 
also serves as the distance-control mechanism. 
45 [0031] Additionally, the infomnation recording/reading 
apparatus of the invention is characterized in that the 
Infonnation recording/reading apparatus for recording 
or reading Infonnation utilizing a near field light, the ap- 
paratus comprises : a recording medium; a light source; 
50 a near field optical head having an aperture on the re- 
cording medium side; a distance-control mechanism for 
controlling the distance between the near field optical 
head and the recording medium; a light guiding structure 
for guiding a luminous flux from the light source to the 
55 near field optical head; and a light receiving part, where- 
in the nearfield optkjal head comprises at least one tip 
of conical or pyramidal shape transparent to a light hav- 
ing a desired wavelength, an opaque film covering at 
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least the tip, and an aperture fomied on the point of the 
tip by simultaneously applying a force to the tip andstop- 
pers having almost the same height as that of the tip 
using a pressing body having approximately a plane. 
[0032] Furthermore, the information recording/read- s 
ing apparatus is characterized by having an aperture 
fonnation mechanism. 

[0033] The information recording/reading apparatus 
is characterized in that at least a part of the distance- 
control mechanism is air-bearing surfaces fomied on »£> 
the near field optical head. 

[0034] The information recording/reading apparatus 
is characterized in that at least a part of the distance- 
control mechanism is a piezoelertric actuator. 
[0035] The information recording/reading apparatus « 
is characterized in that at least a part of the distance- 
control mechanism is a protective part for the aperture. 
[0036] The infomnation recording/reading apparatus 
is characterized in that two or all of stoppers, the tip and 
the distance-control mechanism are formed by one 20 
step. 

[0037] The infomnation recording/reading apparatus 
is characterized in that a plurality of the apertures is 
fomied in the near field optical head. 
[0038] Embodiments of the present invention will now 25 
be described by way of further example only and with 
reference to the accompanying drawings, in which:- 

Fig. 1 depicts a diagram illustrating a method for 
forming the aperture in an embodiment 1 of the in- so 
vention; 

Fig.2 depicts a diagram illustrating the method for 
forming the aperture in the embodiment 1 of the in- 
vention; 

Fig. 3 depicts a diagram illustrating the method for 35 
forming the aperture in the emljodiment 1 of the in- 
vention; 

Figs. 4A and 4B depict diagrams illustrating a meth- 
od for fabricating a worit 1000; 

Figs. 5A and 5B depict diagrams illustrating the 40 

method for fabricating the worit 1 000; 

Fig. 6 depicts a diagram illustrating a relationship 

between the heights of a tip 1 and a stopper 2 In the 

method for fabricating the wortt 1 000; 

Figs. 7A to 7C depict diagrams illustrating a rela- 4S 

tionship between the heights of the tip 1 and the 

stopper 2 in the method for fabricating the worit 

1000; 

Fig. 8 depicts a schematic diagram showing a near 
field optical head in an embodiment 2 of the inven- so 
tion; 

Fig. 9 depicts one example of an optical memory 
reading unit having the near field optical head in the 
embodiment 2 of the invention mounted thereon; 
Fig. 1 0 depicts a diagram seen from the side when 55 
the near field optical head in the embodiment 2 of 
the invention is scanned on a recording medium 
that rotates at high speed; 



Fig. 11 depicts one example of a stmcture of the 
near field optical head in the embodiment 2 of the 
invention; 

Fig. 12 depicts one example of a structure of the 
near field optical head in the embodiment 2 of the 
invention; 

Fig. 13 depicts one example of a staicture of the 
near field optical head in the embodiment 2 of the 
invention; 

Figs. 14 A to 14F depict one example of a method 
for fabricating the near field optical head In the em- 
bodiment 2 of the invention; 
Figs. 15A and 15B depict cross-sectional views 
showing the aperture of the near field optical head 
In the emt)odiment 2 of the invention; 
Fig. 16 depicts one example showing a structure of 
a near field optical head f onned with an aperture by 
a method in an embodiment 3 of the invention; 
Rg. 1 7 depicts a diagram illustrating a configuration 
of an infomiation recording/reading apparatus in an 
embodiment 4 of the invention; 
Fig. 18 depicts a diagram illustrating the configura- 
tion of the information recording/reading apparatus 
in the embodiment 4 of the invention; 
Fig. 1 9 depirts a diagram illusfrating an opaque film 
forming part in the embodiment 4 of the invention; 
and 

Fig. 20 depicts a diagram illustrating an aperture 
forming part in the embodiment 4 of the invention. 

[0039] Hereafter, the method for fonning the aperture 
of the invention will be described in detail with reference 
to the accompanying drawings. 

(Embodiment 1) 

[0040] The method for forming the aperture of the In- 
vention will be described referring to Figs. 1 to 3. Fig. 1 
is across-sectional diagram showing a schematic con- 
figuration of the woric 1000. As shown in the drawing, 
the wori< 1 000 comprises a transparent layer 5 formed 
on a substrate 4, a tip of conical or pyramidal shape 1 
and a ridge-shaped stopper 2 fomied on the transparent 
layer 5, and an opaque film 3 formed on the tip 1 , the 
stopper 2 and the transparent layer 5. Additionally, the 
transparent layer 5 is not necessarily needed here; in 
that case, the opaque film 3 is fomned on the tip 1 , the 
stopper 2 and the substrate 4. Furthermore, the opaque 
film 3 may be deposited only on the tip 1 . 
[0041] A height H1 of the tip 1 is equal to or under a 
few millimeters ; a height H2 of the stopper 2 Is equal to 
or under a few millimeters. The distance between the tip 
1 and the stopper 2 is equal to or under a few millimeters. 
Besides, a thickness of the opaque film 3 is from a few 
tens to a few hundreds of nanometers, depending on 
the materials of the opaque film 3. 
[0042] For the tip 1 , the stopper 2 and the transparent 
layer 5, a dielectric having high transmissivity in the 
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range of visible light such as SiOg, SIN or diamond, a 
dielectrfc having high transmissivity In the range of In- 
frared lightsuch as SeZn or sliicon, or a dielectric having 
high transmissivity In the range of ultraviolet light such 
as MgF or CaF is used. Additionally, as a material for 
the tip 1 , any material may be preferable that Is even a 
little transparent to an optical wavelength regton of a 
light passing through the aperture. Furthermore, the tip 
1 , ttie stopper 2 and the transparent layer 5 may be con- 
figured of the same material or different materials. For 
example, ttie tip 1 may be configured of silicon oxide, 
and the stopper 2 may be monocrystal silicon. Moreo- 
ver, the stopper 2 may be configured of a plurality of 
materials such as a double-layer structure of monocrys- 
tal silicon and silicon oxide. Particularty, the stopper 2 
do not need to be transparent to lights. The configuring 
materials may include a light shielding material such as 
metals or alloys thereof. Besides, the tip may be config- 
ured of various dielectrics, of course. For the opaque 
film 3, for example, metals such as aluminium, chromi- 
um, gold, platinum, silver, copper, titan, tungsten, nickel, 
cobalt, and alloys ttiereof are used. In addition, the sub- 
strate 4 may be a transparent material. The tip 1 , the 
stopper 2, the transparent layer 5 and the substrate 4 
may be made of the same material. 
[0043] Fig. 2 depicts a diagram illustrating a state in 
whteh the opaque film 3 on the tip 1 is being plastically 
deformed in the method forforming the aperture. A plate 
6 Is placed on the woric 1000 shown in Fig. 1 , the plate 
covers at least a part of the stopper 2 and the tip 1 and 
has a portion to come Into contact with the tip 1 and the 
stopper 2 being a plane. Further, on the plate 6, apress- 
er 7 is placed. A force F Is applied to the pressor 7 In 
the central axis of the tip 1 and thereby the plate 6 moves 
toward the tip 1 . Compared with a contact area of the 
tip 1 to the plate 6, a contact area of the stopper 2 to the 
plate 6 Is a few hundreds to a few ten thousands times 
greater. Therefore, the applied force F is dispersed by 
the stopper 2 and consequently the displacement of the 
plate 6 becomes smaller. Since the displacement of the 
plate 6 is small, the amount of plastic deformation ap- 
plied to the opaque film 3 is very small. Additionally, the 
tip 1 and the stopper 2 only receive a very small plastic 
deformation. A way to apply the force F is such that a 
weight having a predetennnined weight is raised to a pre- 
determined distance to free-fall It or a spring having a 
predetemiined spring constant Is mounted on the press- 
or 7 to press the spring with a predetemnlned distance. 
As a material for the plate 6, a metal such as Al, Cr, Au 
and W, a dielectric such as SIO2, SIN and diamond, a 
semiconductor material such as Si, Ge and GaAs, ce- 
ramics materials or a material transparent in the range 
of visible light is used. Particularty, In the case that the 
plate 6 is made of a material harder than the opaque 
film and softer than the tip 1 and the stopper 2, a force 
that is applied to the tip 1 and the stopper 2 Is absorbed 
by the plate 6 and thus the displacement of the plate 6 
becomes smaller. The amount of plastic deformation of 



the opaque film 3 Is made smaller easily. 
[0044] Fig. 3 depicts a state In which the plate 6 and 
the presser 7 are removed after the force F has been 
applied. The amount of plastic defonnation of the 

5 opaque film 3 Is very small and the tip 1 and the stopper 
2 are defomied only in a plastic defonnation region. 
Therefore, an aperture 8 is formed at the point of the tip 
1 . The size of the aperture 8 Is from about a few nanom- 
eters to the extent of the diffraction limit of the optical 

10 wavelength of the light passing through the tip 1 . Addi- 
tionally, in the description mentioned above, the plate 6 
Is inserted between the presser 7 and the wori( 1000. 
However, it Is needless to say that the plate 6 Is removed 
and the worit 1 000 is directly pressed by the presser 7 

*5 to simllarty fomn the aperture 8. In order to enter a light 
to the aperture 8, the substrate 4 is etched from the side 
opposite to the side where the tip 1 1s formed to expose 
a transparent part 5 or at least a part of the tip 1 and 
thereby an entrance for light to the aperture 8 Is formed. 

20 Furthennore, It goes without saying that the substrate 4 
is configured of a transparent material 103 and thereby 
a process for fomriing the entrance for light can be omit- 
ted. 

[0045] In order to forni the aperture by the method as 
25 set forth, the difference between the heights HI and H2 
shown in Fig. 1 1s recommended to be equal to or below 
1 000 nm. That is, the tip 1 may be higher than the stop- 
per 2 or vice versa. Furthermore, the tip 1 and the stop- 
per 2 may have the same height. Besides, in order to 
30 prevent the tip 1 or the stopper 2 from being dannaged, 
the force F Is recommended to be set smaller. In order 
to form the aperture by a small force F, the difference 
between the heights HI and H2 is preferably equal to 
or under 100 nm. At this time, the stopper 2 are pref er- 
as ably higher than the tip 1 . 

[0046] As described above, according to the method 
for producing the aperture of the Invention, the amount 
of displacement of the plate 6 can be controlled excel- 
lently by the stopper 2 and can be made very snnall. 
40 Thus, the aperture 8 having a unifonn and small size 
can be produced on the point of the tip 1 easily. Addi- 
tionally, the near field light can be generated from the 
aperture 8 by InBdiatIng a light from the substrate side. 
[0047] Next, amethod for fabricating the worit 1000 
45 will be described referring to Figs. 4A, 48, 5A and 5B. 
Figs. 4A and 48 illustrate a state in which the transpar- 
ent material 103 is fornied on a substrate material 104 
and then a tip mask 101 and a stopper mask 102 are 
formed. Fig. 4A depicts a top view and Fig. 48 depicts 
so a cross-sectional view at a position shown by A-A' of 
Fig. 4A. The transparent material 1 03 Is formed on the 
suljstrate material 1 04 by the chemk»l vapor deposition 
(CVD), the physical vapor deposition (PVD) or the spin 
coating. Additionally, the transparent material 103 can 
55 be fornied on the substrate material 104 by the solid 
state bonding or glueing as well. Then, the tip mask 1 01 
andthe stopper mask 1 02 are formed on the transparent 
material 103 by the photolithography process. The tip 
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mask 1 01 and the stopper mask 1 02 maybe f omied si- 
multaneously or separately. 

[0048] For the tip mask 101 and the stopper mask 
102, a photoresist or a nitride film is generally used. 
These may be selected properly in accordance with a 
material of the transparent material 1 03 and an etchant 
to be used in the subsequent process. For the transpar- 
ent material 103, a dielectric having high transmissivlty 
in the range of visible light such as SiOj or diamond, a 
dielectrc having high transmissivlty in the range of in- 
frared light such as SeZn or Si, or a dielectric having 
high transmissivlty in the range of ultraviolet light such 
as MgF or CaF is used. 

[0049] A diameter of the tip mask 1 01 is a few millim- 
eters, for example. A width W1 of the stopper mask 1 02 
is equal to the diameter of the tip mask 1 01 or a few tens 
nanometers to a few mfcrometers smaller than that. Ad- 
ditionally, the width W1 of the stopper mask 1 02 may be 
from a few tens nanometers to a few micrometers great- 
er than the diameter of the tip mask 101 . Furthermore, 
a length of the stopper mask 1 02 is not less than a few 
tens micrometers. 

[0O5O] Figs. 5A and 5B illustrate a state in which the 
tip 1 and a plurality of stoppers 2 have been fonned. Fig. 
5A is a top view and Fig. 5B is a cross-sectional view at 
a position shown by A-A' in Rg. 5A. After the tip mask 
1 01 and the stopper mask 102 are fomned, the tip 1 and 
the stoppers 2 are fomed by the isotopic etching in wet 
etching. Adjusting the relationship among athickn ess of 
the transparent material 103 and the heights of the tip 
1 and the stoppers 2 may fonti or not fomri the transpar- 
ent layer 5 shown in Fig. 1 . A diameter of the point of 
the tip 1 is from a few nanometers to a few hundreds 
nanometers. After that, the opaque film is deposited by 
sputtering or vacuum evaporation and thereby the work 
1000 shown in Fig. 1 can be fonned. Additionally, in the 
case that the opaque film 3 is deposited only on the tip 
1 , a metal mask having atopology to deposit the opaque 
film on the tip 1 is placed to perfomn sputtering or vacu- 
um evaporation in the deposition process of the opaque 
film 3. Furthennore. it is needless to say that after the 
opaque film 3 is deposited on the entire surface where 
the tip of the wori< 1 000 has been fonned, using the pho- 
tolithography process in whkih the transparent film 3 re- 
mains only on the tip 1 can fomi the transparent film 3 
only on the tip 1 . 

[0051 1 Figs 6, 7A, 7B and 7C are diagrams illustrating 
the relationship between the heights of the tip 1 and the 
stopper 2 in the method forfabricating the worit 1 000 as 
described above. In addition, hereafter, only the case in 
which the diameter of the tip mask 1 01 is smaller than 
the width of the stopper mask 1 02 will be described. Fig. 
6 is a diagram illustrating only the tip 1 and the stopper 
2 in the process described in Fig. 5A. Figs. 7A to 7C are 
cross-secUonal views illustrating the tip 1 at a position 
shown by B-B' in Fig. 6 and the stopper 2 at a position 
shown by C-C in the Fig. 6. 

[0052] Fig. 7A is a diagram illustrating a state in which 



the tip 1 has been formed. The width of the stopper mask 
102 is greater than the dianneter of the tip mask 101 . 
Thus, a flat portion is left on the top of the stopper 2 and 
the stopper mask 102 is left on this flat portion in the 

5 state of Fig. 7A. However, the tip mask 1 01 has a very 
small contact area to the tip 1 and therefore it comes off. 
In the state of Fig. 7A, a height H11 of the tip 1 is the 
same as a height H22 of the stopper 2. 
[0053] Fig. 7B illustrates a state In whteh further pro- 

10 ceeding etching from the state of Rg. 7A, the flat portion 
on the top of the stopper 2 is just removed. When etching 
is perfomned from the state of Rg. 7A, a height H111 of 
the tip 1 having no tip mask 101 is lowered gradually, 
whereas a height H222 of the stopper 2 remains the 

15 same as the height H22. A width of the flat portion of the 
top of the stopper 2 becomes nan^ower gradually and its 
cross-sectional shape becomes triangular as shown in 
Fig. 7B. A difference AH between the heights of the tip 
1 and the stopper 2 at this time is about 1000 nm or 

so under, varying according to the difference between the 
diameter of the tip mask 1 01 and the width of the stopper 
mask 102 and a point angle between the tip 1 and the 
stoppers 2. 

[0054] Fig. 7C illustrates a state in which etching f ur- 

2S ther proceeds from the state of Fig. 7B. A height H1111 
of the tip 1 becomes lower than the H1 11. Similarly, a 
height H2222 of the stopper 2 also becomes tower than 
the height H222. However, a reduced amount of the 
height H1 1 1 1 is equal to that of H2222 and thus the dif- 

30 ference AH between the heights of the tip 1 and the stop- 
per 2 does not change . Additionally, in the case that the 
width of the stopper mask 102 is smaller than the tip 
mask 101, the relationship between the heights of the 
tip 1 and the stopper 2 is only reverse. Furthermore, in 

35 the case that the tip mask 1 01 is equal to the stopper 
mask 102, it is needless to say that the height of the tip 
1 becomes equal to that of the stopper 2. 
[0055] According to the method for fabricating the 
worit 1000 of the invention, the difference AH between 

40 the heights of the tip 1 and the stopper 2 can be control- 
led excellently by the photolithography process. There- 
fore, in the method for producingthe aperture described 
in Figs. 1 to 3, the displacement of the plate 6 can be 
controlled excellently. 
45 [0056] BesWes, a plurality of the wori< 1000 fabricated 
by the photolithography process can be formed on a 
sample having a large area such as a wafer easily. In 
this case, in order to unifomi a diameter of each of the 
apertures, variations in the difference AH in the respec- 
50 uve work 1 000 are recommended to be 1 000 nm or un- 
der. Additionally, in order to control the size of the aper- 
ture accurately, variations in the difference AH is prefer- 
ably 100 nm or under. 

[0057] As described above, according to the embod- 
55 iment 1 of the invention, the heights of the tip 1 and the 
stopper 2 can be controlled excellently and disposing 
the stopper 2 can make the displacement of the plate 6 
smaller. Therefore, the aperture 8 having a uniform and 
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minute size can be formed on the point of the tip 1 easily 
without using an actuator having high resolution. Our ex- 
periment shows that the aperture 8 having a diameter 
of 1 00 nm or under could form by only tapping the press- 
er 7 with a hamrher in hand. Additionally, the heights of 
the tip 1 and the stopper 2 are controlled excellently and 
thus the production yields of the aperture 8 were im- 
proved. Furthennore, the worit 1000 described in the 
embodiment 1 can be fabricated by the photolithogra- 
phy process . Thus, multiple works can be fabricated on 
a sample having a large area such as a wafer. The force 
F is held constant and thereby the apertures 8 having a 
uniform aperture diameter can be formed on the respec- 
tive works 1000. Moreover, changing the force F is ex- 
tremely simple so that the apertures 8 having a different 
aperture diameter can be formed separately on the mul- 
tiple works 1 000 that have been fabricated. Besides, 
simply applying the force F fomris the aperture 8 and 
thus the time to produce the aperture is as short as from 
a few seconds to a few tens seconds. In addition, ac- 
cording to the embodiment 1 of the invention, any fab- 
rication environment is acceptable. Therefore, fabrica- 
tion in the atmosphere is possible and fabrication states 
can be observed by an optkal microscope instantly. Ad- 
ditionally, fabrication in a scanning electron microscope 
makes it possible to observe fabrication states with high- 
er resolution than the optical microscope. Furthermore, 
by fabrcation in a liquid, the liquid serves as a damper 
and thus fabrication conditions of improved controllabil- 
ity can be obtained. 

[0058] Moreover, the force F is applied to the sample 
f abrcated with a plurality of the worie 1 000 in the block 
and thereby the apertures 8 having a unifomi aperture 
diameter can be produced at one time as well. In the 
case of fabrication in the block, the fabrication time per 
aperture becomes as short as a few hundreds millisec- 
onds or under, depending on the number of the worits 
1000 per wafer. 

(Embodiment 2) 



[0059] Next, a near fieW optical head in an embodi- 
ment 2 of the invention will be described. Rg. 8 depicts 
a schematic diagram illustrating a nearf ield optical head 
for a high density memory having the aperture produced 
by the method described in the embodiment 1 . Besides, 
the details of the periphery of the aperture are not illus- 
trated here. Referring to Fig. 8, a method for reproduc- 
tion (reading infonnation) and recording (writing infor- 
mation) will be described in an infonnation recording/ 
reading apparatus using the near field optteal head in 
the embodiment 2. 

[0060] Fig. 8 depfcts a manner of reproduction using 
a so-called illumination mode. Here, a light entered to a 
near field optfcal head 11 is entered from the direction 
approximately parallel to a recording medium. Of 
course, the light may be entered from the direction ap- 
proximately orthogonal or oblique to the recording me- 



dium as well. A waveguide 13 is disposed inside the 
nearfield optical head 11 . The light entered from outside 
is propagated to an aperture 12 by this waveguide 13. 
The light inadiated to the aperture 1 2 is to be localized 
5 near the aperture 1 2 as a near field light. The near field 
light is allowed to come close to the surface of a record- 
ing medium 14 on whfch the infonnation has been re- 
corded and is interacledthroughthetopology of the sur- 
face of the recording medium 14 or an optical structure 
10 of solid state properties. Thus, the nearfield light is scat- 
tered and the scattered propagation light is recewed by 
a detector 15 separately disposed. The near field light 
at this time has resolutton to the extent of the size of the 
aperture 1 2 so that the microoptical infonnation exceed- 
is ing the diffraction limit of light can be reproduced. Addi- 
tionally, in a like method of the so-called collection 
mode, the near field light generated by in-adiating the 
propagation light onto the surface of the recording me- 
dium 1 4 is scattered by the interaction with the aperture 
20 12 and the scattered light is propagated through inside 
the waveguide 13 for detecting infonnation, which can 
reproduce infonnation similarty tothe description above. 
Furthennore, not only reproduction, recording on the re- 
cording medium is also possible. In this case, the mod- 
25 ulated light is led through the waveguide 1 3 to the ap- 
erture 12 to generate the near field light in confomnity 
with the signal thereof. When the modulated near field 
light causes reaction on the recording medium 14 side, 
recording is made possible. For example, in the case 
30 that a phase change film of GeSbTe is fonned on the 
surface of the recording medium 14, radiation of the 
near field light raises a temperature to locally exceed 
180 degrees, whfch changes the GeSbTe film that has 
been in an amorphous (noncrystal) state at first into a 
35 crystal state and reflectance is increased from 0.43 to 
0.53 by about 0.1 . Utilizing this property, mfcromaris to 
the extent of an aperture diameter are recorded on the 
recording medium. 

[0061 1 Here, one example of an optical inf omnatton re- 
40 cording/reading apparatus mounted with the near field 
optical head 11 is shown in Fig. 9. First, a scanning 
method will be described. The near field optfcal head 1 1 
has a flying slider structure used in an HDD in whfch two 
air-bearing surfaces that receive a lift force by an airflow 
45 axe formed in the surface on the recording medium side 
of the near field optfcal head 11 . Thereby, as shown in 
Fig. 9, the nearfield optical head 11 mounted on the tip 
end of an arm 16 can always hold a constant distance 
to the recording medium 1 4 by a load of the amn 1 6 and 
50 the liftforce received due to a fluid movement of air gen- 
erated by high speed rotation. As for a seek or a track- 
ing, the ami 16 is moved in the radial directfcn of the 
recording medium by a rotating shaft 17 equipped with 
a motor and thereby the near field optfcal head 11 can 
55 be scanned across an art)itrary position on the recording 
medium 14 or follow a track. Subsequently, a method 
for propagating a light will be described. First, a light os- 
cillated from a small-sized semfconductor laser, not 
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Shown in the drawing, propagates through an optical 
waveguide 18 that is mounted inside the ami 1 6 and is 
led to inside the near field optical head 11. The light is 
irradiated via the waveguide to the aperture 12 formed 
In the surface on the recording medium side of the near 
field optical head. It is converted into the near field light 
near the aperture 12. When the recording medium 14 is 
in the proximity of the aperture 1 2, an interaction is gen- 
erated between the near field light and the microregion 
on the surface of the recording medium 1 4 to scatter the 
near field light. Not shown in the drawing, the scattered 
light is received inside or near the near field optical head 
11, or a light receiving element disposed on the bacl< 
side of the dislt 14. Optical infomnation scattered by the 
light receiving element is converted into an electric sig- 
nal and is reproduced through a signal processing cir- 
cuit. 

[0062] Subsequently, Fig. 10 <tepicts a diagram illus- 
trating a posture seen from the side when the near field 
optical head is microflying on the recording medium ro- 
tating at high speed. As the recording medium 14 is ro- 
tated at high speed, the fluid motion of air is generated 
between the nearfield optical head 11 andthe recording 
medium 1 4. Consequently, the surface on the recording 
medium side of the nearfield optical head 11 receives 
a huge pressure from the recording medium 1 4 side and 
the nearfield optical head 11 flies. Against this lift force, 
a constant load is applied from the arm 16 side in the 
direction of the recording nriedium 14 In reverse. There- 
by, the balance of the force is held and the distance from 
the surface of the recording medium 1 4 can be held con- 
stant all the time. Fig. 10 depicts a posture of the near 
f ield optical head 11 at this time. The recording medium 
14 moves in the direction of outline arrows and thereby 
an airflow Is generated between the recording medium 
14 and the near field optical head 11 . However, due to 
the distribution of the pressure applied to the air-bearing 
surfaces 1 9 at that time, the distance from the recording 
medium 14 becomes greater on the entrance side (an 
end of flowing in) compared with the exit side (an end 
of flowing out). Then, the head itself tilts as shown in 
Fig. 1 0 and the distance between the air-bearing surfac- 
es 19 and the recording medium 14 becomes smaller 
on the side of the end of flowing out of the airflow. The 
aperture 12 is disposed where the distance is small so 
that the distance between the aperture 12 and the re- 
cording medium 14 becomes much closer and the re- 
production of infomnation is made possible with high res- 
olution. 

[0063] Next, Fig. 11 depkits one example of a near 
field optical head in which the aperture is produced by 
the method described in the embodiment 1 . In Fig. 11 , 
a near field optical head 20 is illustrated with its surface 
opposed to a recording medium being the top. The near 
field optical head 20 comprises an aperture 24 for gen- 
erating and detecting a near field light, a tip 21 having 
the aperture 24 formed on its apex for propagating a Ught 
to the aperture 24, a metal film, not shown in the draw- 



ing, covering the tip except the aperture 24 to shield 
lights and having the effect of condensing the light to the 
aperture, stoppers 22 served as a contact member 
when producing the aperture and air-bearing surfaces 
5 23 receiving a lift force from the recording medium di- 
rection. 

[0064] In order to reproduce information using the 
near field light, the aperture 24 needs to be brought 
close to the recording medium tor interacting the near 
10 field light localized near the aperture 24 with the optical 
information on the recording medium. Further, it re- 
quires to be scanned at high speed to nnaintain its dis- 
tance constant. Therefore, two air-bearing surfaces 23, 
as shown in Fig. 11 , are disposed in the surface of the 
15 near field optical head facing to the recording nnedium. 
The air-bearing surfaces 23 receive a constant lift force 
due to the relative motion with the recording medium as 
shown in Fig. 10. Thus, the near field optical head 20 
disposed with the air-bearing surfaces 23 can hold mi- 
20 croflying and a flying height thereof (the distance be- 
tween the air-bearing surfaces and the recording medi- 
um) can be controlled 100 nm or under Here, nearty 
matching the height of the air-bearing surfaces 23 with 
that of the tip 21 allows the distance between the aper- 
25 ture and the recording medium to be close stably all the 
time and allows high-speed scanning. 
[0065] The aperture of the near field optical head in 
Fig. 11 is formed by the method in which the opaque film 
on the point of the tip is defomned utilizing the stoppers 
30 22 as described in the embodiment 1 . Then, the stop- 
pers 22 having almost the same height as the tip are 
disposed around the tip 21. Four stoppers are fonned 
on the periphery of the tip 21 as similar to Fig. 6. 
[0066] Here, in order to form the aperture 24, the tip 
35 21 needs to be formed to have almost the same height 
as that of the stoppers 22. Besides, in order to allowthe 
aperture to come dose to the recording medium, the tip 
21 needs to be formed to have almost the same height 
as that of the air-bearing surfaces 23. To align each of 
40 the heights of the stoppers 22 is possible when the tip 
21 and the air-bearing surfaces 23 are f omned by having 
the same material and etching them simultaneously. 
[0067] Additionally, in the near field optical head 20 
shown in Fig. 1 1 , the four stoppers 22 are an-anged in a 
45 cross when seen from the top of the tip 21 However, as 
a nearfield optical head 30 shown in Fig. 12, three stop- 
pers 25 may be f omned. Of course, not limiting three or 
four, multiple stoppers may be formed more than four. 
Alternatively, as a near field optical head 40 shown in 
50 Fig. 13, one stopper 26 may be formed in a doughnut- 
shaped around the tip. These stoppers are an^nged to 
have the same distance from the tip to each of the stop- 
pers. The amount of pushing of the pushing tool be- 
comes the maximum at a point where the distance from 
55 each of the stoppers is equidistance and the amount can 
be controlled. 

[0O68] Here, one example of the method for fabricat- 
ing the near field optk»l head in the embodiment 2 de- 
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scribed in Fig. 11 will be explained with reference to 
Figs. 1 4A to 1 4F. Figs. 1 4A to 1 4F depict cross-sectional 
views of A-A' in Fig. 11 . First, a transparent niaterial is 
selected for a substrate 51 (Fig. 14A). Glass, quartz or 
an optical material transparent in the region of ultraviolet 
light, visible light and infrared light is suitable. Particu- 
lariy, the case of selecting a quartz substrate will be de- 
scribed here. 

[0069] Next, as shown in Fig. 1 4B, a mask pattern 52 
for a tip, stoppers and air-bearing surfaces is fomfied in 
the photolithography process that is used in the semi- 
conductor process. A photosensitive photoresist is used 
for a masl< material, the photolithography process in the 
semiconductor process is used and thereby the mask 
pattern 52 having high dimension precision can be 
formed. Considering the adhesive strength to silicon ox- 
ide, a negative resist is preferably used. However, of 
course a positive resist may be used. A thickness of the 
resist is suitably about one micrometer, in which range 
one can easily control thickness variations. Additionally, 
when SIN is used as the mask material, SiN is deposited 
on the substrate, aligned with the photoresist pattern 
formed in the photolithography process and processed 
andthereby the mask pattem 52 Is formed. The topology 
of the mask pattem 52 for the tip and the stoppers is 
almost the same as that in Fig. 4. 
[0070] Subsequently, the quartz substrate 51 is 
etched to form a tip 53, stoppers 54 and air-bearing sur- 
faces 55 on the surface thereof. Fig. 14C illustrates a 
state in whch the mask material is removed after that. 
As shown in Fig. 14C, when observing from the cross- 
sectional direction of the substrate 51 , the tip 53 grad- 
ually rises its height from a low trapezoid while its top 
becomes shorter, and then it becomes a triangle. At the 
time when it has become the triangle from the trapezoid, 
the height of the apex of the tip 53 matches to the heights 
of the stoppers 54 and the air-bearing surfaces 55, ter- 
minating etching at this time. The vertfcal angle of the 
tip 53 can be produced in a range of 1 1 0 to 70 degrees. 
Adjustment of this angle can be realized by controlling 
the adheshre strength of the mask pattem 52 to the 
quartz substrate 51 . Dry etching or wet etching may be 
used for etching. In wet etching, a buffer hydrofluoric ac- 
id (a liquid mixture of hydrofluoric add and ammonium) 
is used as an etchant to fomn an arbitrary tip by control- 
ling an amount of underetching. In dry etching, each of 
gas species, selection of a flow rate, an RF power of 
plasma and a degree of vacuum has subtle influence on 
a tip topology. In this dry etching, etching utilizing chenn- 
ical reacttons from a fluoride gas or a chloride gas may 
be used or etching utilizing physical reactions such as 
sputtering may be used. 

[0071] Next, as shown in Fig. 14D, a metal film 56 for 
shielding lights is deposited on the entire surface on the 
tip side. As a deposition method, the vacuum evapora- 
tion, the sputtering, the ion plating or the plating is used. 
The vacuum evaporation is mainly used because it al- 
lows thin , uniform deposition and grains to be contained 



small. According to this deposition method, an arbitrary 
thickness ranging from 1 00 nm to one mcronreter is de- 
posited. A main material to be deposited is aluminium, 
gold, silver, copper, platinum, titanium, tungsten, chro- 
5 mium and an alloy of these. However, in order to im- 
prove the adhesive strength or to suppress grains, a 
slight amount of an impurity such as silicon might be 
added. 

[0072] Then, as shown in Fig. 14E, the metal film 56 
10 deposited on areas except the tip 53 is removed. A mask 
pattem is formed only on the tip 53 by photolithography 
and the metal film 56 exposed on the remaining areas 
is removed by etching. Then, the mask is removed to 
leave the metal film 56 only on the tip 53. Removal of 
IS the metal film 56 from the top of the air-bearing surfaces 
55 or the top of the stoppers 54 can hold conformance 
of the height of the apex of the tip 53 with the heights of 
the air-bearing surfaces 55 or the stoppers 54. 
[0073] Lastly, as shown in Fig. 14F, an aperture 57 is 
20 formed on the apex of the tip 53 by the method described 
in the embodiment 1 . Details thereof are omitted here. 
In this manner, the near field optk»l head having the 
aperture can be fabricated with excellent mass produc- 
tion. 

25 [0074] Here, Figs. 15A and 15Bdepictcross-section- 
al views of the aperture formed by the producing nnethod 
described in the embodiment 1. Fig. 15A illustrates a 
state in whfch a metal film 59 is pressed by a plate 58 
that has been pressed and deformed with the pushing 

30 tool and a tip 60 itself is plastkjally defomied. Fig. 15B 
illustrates a state in which the plate 58 has been re- 
moved. When the point of the tip 60 comes into contact 
with the plate 58 and a force Is applied from above, the 
metal film 59 near the point of the tip 60 is piastcally 

35 defomied. As shown in Fig. 1 5A, the metal film 59 near 
the point of the tip 60 is expelled to the vicinity and the 
point of the tip 60 directly comes into contact with the 
plate 58. The force transmitted from the pushing tool to 
the plate 58 is also applied to the tip 60 itself and the tip 

40 60 is plastically deformed to shrink slightly. When the 
plate 58 is removed from this state, the metal film 59 
remains plastically deformed to leave a shape in which 
it has been expelled to the vicinity. However, the tip 60 
that has been plastfeally deformed is released from the 

45 force to return to the original shape. Consequently, as 
shown in Fig. 158, the point of the tip 60 has a shape 
that slightly projects from the metal film 59. 
[0075] Additionally, after forming the aperture, the tip 
60 and the air-bearing surfaces 55 are protected by a 

so photoresist, the stoppers 54 are removed by etching and 
thereby the near field optical head with no stoppers can 
be obtained. 

[0076] A near f iekl light is generated around the pro- 
jecting tip. The tip apex is formed to have the same 
55 height as that of the air-bearing surfaces by the produc- 
ing method as described in Figs . 14A to 14F. Thus, the 
near field light generated around the tip is allowed to 
come ctose to the distance almost equal to the flying 
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height of the head. Depending on designs of the air- 
bearing surfaces, a flying height of 20 nm or under is 
possible and in^diating the recording medium is made 
possible without spreading the beam spot diameter of 
the near field light generated around the aperture. Ad- 
ditionally, the resolution thereof depends on the radius 
of curvature of the pointed tip apex as well. The tip can 
be formed to have a point diameter of 50 nm or under 
so that the light resolution corresponding thereto (50 nm 
or under) can be realized. Furthemiore, the quartz tip is 
formed to have a verticai angle of about 90". A light prop- 
agates through inside the tip having a refractive index 
of about 1 .46 and a vertical angle of about 90° to reach 
the aperture. Until it reaches the aperture, a great optical 
attenuation is generated in a region equal to or under a 
wavelength size (a cutoff region). However, by this high 
refractive index and the wide vertical angle, the cutoff 
region is reduced from the viewpoint of the light and con- 
sequently the optical efficiency at the aperture is im- 
proved. 

[0077] As described above, the method forfabricating 
the near field optical head explained in the embodiment 
2 has a configuration in which the stoppers are disposed 
in the head, the stoppers are fomried to have the same 
height as that of the tip 1 and the displacement of the 
plate 6 can be made small utilizing the stoppers 2. Thus, 
the process described in the embodiment 1 of the inven- 
tion can be applied to the near field optical head and 
effects described in the embodiment 1 are exerted. 
[0078] Additionally, according to the embodiment 2, 
the following effects can be obtained in addition to the 
effects described in the embodiment 1 . 
[0079] In an optical memory device utilizing the near 
field light, the optical resolution thereof greatly depends 
on the dose distance or the aperture topology. In the 
near field optical head shown in the embodiment 2, the 
aperture can be fonned to have the same height as that 
of the air-bearing surf aces. Thus, the aperture is allowed 
to come dose to the recording medium to the extent of 
the flying height of the head. Furthemnore, the aperture 
topology projects from the opaque film and the point is 
made acute (50 nm or under). The near f ield light is gen- 
erated in a distribution depending on the point diameter. 
In the near field optical head shown in the embodiment 
2, the acute point can be microflown. In the case of mfc- 
rifying the aperture, an optical resolution to the extent 
of the point diameter (50 nm or under) can be realized. 
Moreover, in the nearfield optical head shown in the em- 
bodiment 2, the tip has the refractive index of about 1 .46 
and is fomied to have the vertical angle of about 90"". 
When observing it optically, the cutoff region having a 
great optical attenuation becomes smaller. Besides, 
quartz is a material having a high optical transmissivity. 
Thus, the optical effidency at the aperture is improved 
and high-speed reading and recording is made possible. 
[0080] Additionally, the near field optical head in the 
embodiment 2 can be fabricated by the silicon process 
using micromachining represented by photolithography 



It will be a head suitable to mass production. Further- 
more, ttie method shown in the embodiment 1 can pro- 
duce the aperture having a stable and unifomi size with 
low costs. Thus, mass production can be facilitated and 

5 the near field optical head of low costs and excellent 
reliability can be supplied in high volume. Moreover, the 
aperture can be fonned stably and easily and thus de- 
creasing the size and the weight of the optical informa- 
tion recording/reading apparatus itself can be realized 

10 in addition to the realization of a high density recording 
bit and a small-diameter disk. 
[0081] Additionally, in the case that one kind of pho- 
tomask is used for fonning the tip mask and the stopper 
mask for producing the tip and the stoppers by the pho- 

is tolithography process, the number of photomasks or the 
number of times of exposure for fabricating a near field 
light element can be reduced, which can further de- 
crease costs. Furthemnore, one photomask fonns the 
tip mask and the stopper mask so that alignment errors 

20 of the two masks can be reduced. Moreover, the process 
for producing the tip and the process for produdng the 
stoppers can be realized in one process and thus sim- 
plifying ttie production process, curtailing production 
time and further reduced production costs can further 

25 be realized. Besides, the air-bearing surfaces can be 
formed by the photolithography process so that the 
number of masks for fabricating the near field optical 
head can be reduced by sharing a part of mask with the 
tip mask or the stopper mask. Depending on the details 

30 of the structure of the nearfield optteal head, fabrication 
by one kind of mask is possible. Thus, furthersimplifying 
the fabricating process and curtailing fabricating time 
can be realized, which leads to further reduction in fab- 
ricating costs. 

35 [0082] Additionally, in the case of the air-bearing sur- 
faces being the stoppers, the structure of the near field 
optical head is simplified. FteducUon in the number of 
the masks required to fabricate, simplifying the fabricat- 
ing process, curtailing fabrfcating time and further de- 

40 crease in fabricating costs can be realized. 

[0083] Furthemiore, the periphery of the aperture is 
plastically deformed by pushing the opaque film nearthe 
point of the tip with the plate and thus the thickness of 
the opaque film near the aperture is fonned thick and 

45 firm. Therefore, a light shielding rate near the aperture 
is enhanced and the edge of the recording mart< is clear- 
ly recorded when infomnation is recorded on the record- 
ing medium. Thus, the signal-to-noise ratio of the infor- 
mation reproduction from the recording medium on 

so which the information has been recorded can be en- 
hanced. Moreover, the aperture becomes stronger so 
that lifetime can be improved due to increase in impulse 
resistance or abrasion resistance. 
[0084] Additionally, in the case that fine dust is on the 

55 recording medium or a strong impulse is applied to the 
entire apparatus, the stopper part serves as a protective 
part because it is near the tip part where the aperture 
has been formed. This protective part can substantially 
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reduce the possibilities not to reproduce the Information 
recorded on the recording medium or not to record in- 
formation on the recording medium. It can prolong life- 
time as the infomnation recording/reading apparatus. 
Impulse resistance can be improved greatly as well. 

Embodiment 3 



[00851 Fig. 1 6 depicts a schematic view Illustrating a 
near field optical head in an embodiment 3. Fig. 1 6 de- 
picts air-bearing surfaces 27 and a tip 28 being top. In 
a near field optical head 50 in the embodiment 3, a 
groove 29 Is f omned on a part of each of the air-bearing 
surfaces 27 and the tip 28 is fomied in a part of the 
groove 29. The stoppers shown in the embodiment 2 
are not formed. In Fig. 16, the circular grooves 29 are 
formed but they may be triangular, rectangular or polyg- 
onal not limiting to circle. However, the tip 28 is always 
placed in the center of the groove. Additionally, two 
grooves 29 are depicted in Fig. 16 but one or multiple 
grooves may be fomned not limiting to two. However, in 
order to keep the lateral balance of the lift force that the 
air-bearing surfaces 27 receive, the grooves 29 are de- 
sired to be fonned at the same lateral positions on the 
two air-bearing surfaces 27 as shown in Fig. 16. The 
positions of the grooves 29 are detemiined according to 
the position of the tip 28. The air-bearing surface 27 on 
the end of flowing out side is set close to the recording 
medium as shown in Fig. 10. The tip 28 is desired to 
locate on the end of flowing out side of the air-bearing 
surfaces 27. Here, in Fig. 16, the groove 29 is fonned 
at the position equivalent to the position of the tip 28. 
Additionally, the size of the grooves 29 is designed In 
consideration of the lift force that the air-bearing surfac- 
es 27 receive. In this embodiment, the diameter and the 
size of one side of the groove are set from about 1 0 to 
300 \\m. 

[008B] In the near field optical head in the embodh 
ment 3, the stoppers on the near field optical head in the 
embodiment 2 are not formed. In this embodiment, a 
part of the air-bearing surfaces 27 also serve as the role 
of the stoppers in forming the aperture. The near field 
optical head In the embodiment is fabricated by the proc- 
ess shown in Fig. 14 similar to the near field optical head 
in the embodiment 2. Although the stoppers are not 
formed here, the air-bearing surfaces 27 are fomned to 
have almost the same height as that of the tip 28 therc- 
around. The air-bearing surfaces 27 serve as the similar 
role as the stoppers of the embodiment set forth. That 
is, the plate to be pressed by the pushing tool is ar- 
ranged so as to cover the top of the air-bearing surfaces 
27 and the tip 28 and is pressed by the pushing tool. 
Thereby, the plate is def onned as a part of the air-bear- 
ing surfaces 27 is served as a supporting point and the 
plate comes to contact with a metal film on the apex of 
the tip 28. The tip 28 is formed at a position where the 
displacement of the plate is the maximum and the plate 
deforms parallel to a substrate. That is, it is formed in 



almost the center of the groove 29 that has been formed 
in the air-bearing surface 27. 
[0087] Here, the opaque film may or may not exist on 
the air-bearing surfaces 27. In the case that the opaque 
5 film does not exist, when a leaking light from the air- 
bearing surface 27 is detected by a detector, it can be 
dealt by Inserting a pin hole near the detector to reduce 
factors to be disturbances. 

p)088] As described above, in the near field optteal 
10 head in the embodiment 3, a part of the air-bearing sur- 
faces serve as the role of the stoppers and thus the stop- 
pers are not fonned. Therefore, the stoppers do not 
need to be formed and the height of the air-bearing sur- 
faces is just aligned with that of the tip for further sim- 
15 plifyingthe fabricating process. Additionally, the method 
for forming the aperture is the same as the embodiment 
1 and the effect Is similariy exerted. 
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(Embodiment 4) 



[0089] Fig. 17 depicts outlines of an information re- 
cording/reading apparatus in the embodiment 4. Be- 
sides, explanations on the same portions as those in the 
embodiments 1 to 3 will be omitted. To facilitate the un- 
25 derstanding of the outlines of the infomnation recording/ 
reading apparatus, a suspension arm 1109, a flexure 
1110 and a near field optical head 1106, and a suspen- 
sion arm 1 1 11 and a light receiving head 1 1 08 are shovm 
disassembled. However, actually each of them is con- 
so nected and fixed as required. 

[0090] The infomnation recording/reading apparatus 
in the embodiment has a basic configuration similar to 
an conventional magnetic disk unit. In order to rotate a 
recording medium 11 07 at high speed in a state in which 
35 the near field optical head 1 1 06 having an aperture (not 
shown) for generating a near field light is close to the 
surface of the recording medium 1 1 07 by af ew tens na- 
nometers and to fly the near field optical head 1106 at 
a constant relative configuration with the recording me- 
40 dium 1 1 07 all the time, the flexure 1 11 0 is fonned at the 
tip end part of the suspension amn 1109. The suspen- 
sion ami 1109 can be moved in the radial direction of 
the recording medium 1107 by a voice coil motor (not 
shown). Here, the near field optical head 1106 is ar- 
45 ranged so as to face the aperture to the recording me- 
dium 1107. 

[0091] In order to lead a luminous flux from a laser 
1 1 01 to the near field optical head 1 1 06. a lens 1 1 02. an 
optical fiber 1103 fixed to the suspension arm 1109, a 

50 lens 1 1 04 and a mirror 1 1 05 are used. 

[0092] The optfcal fiber 1 1 03 is used here but an op- 
tical waveguide or the optical propagation in air may be 
used. Additionally, the laser 1101 can be applied to in- 
tensity modulation by a circuit system 1112. 

55 p093] Next, a method for reading the information that 
has been recorded on the recording medium 1107 and 
recording information will be described with reference 
to Fig. 18. 
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[0094] The nearfield optical head 11 06 having the ap- 
erture that is mounted on the tip end of the suspension 
arm 1 1 09 is floated at a constant height by a flying head 
technique to access an arbitrary data mark existing on 
the recording medium 1107. For this purpose, air-bear- 
ing surfaces are fornied on the near field optical head. 
Additionally, in order to allow the nearfield optical head 
1 1 06 to follow the recording medium 1 1 07. the function 
of the flexure 1110 is provided that stabilizes a posture 
in response to undulation of the recording medium 1107. 
The luminous flux emittedf rom the laser 1 1 01 is entered 
to the near field optical head 11 06 by the lens 11 02, the 
optical fiber 1103, the lens 1104 and the mirror 1105, 
which form a light guiding structure. Then, it is guided 
to the aperture of the nearfield optical head 1 1 06 to gen- 
erate a nearfield light near the aperture. The scattered 
light generated from the consequence of the interaction 
of this near field light with the recording medium 1 1 07 is 
received by the light receiving head 1108 fixed to the 
suspension arm 11 1 1 to be converted into an electric sig- 
nal for transmitting to the circuit system 1112 . It is am- 
plified, as required, to be a reading signal of inf omnation. 
Furthermore, recording infomnation on the recording 
medium 1107 is realized in which the near field optical 
head 1106 having the aperture is moved to a desired 
position on the recording medium as the recording me- 
dium 1 1 07 is brought close to the aperture and the near 
field light is irradiated onto the recording medium 1107 
from the aperture for writing operation. 
[0095] In the embodiment, the near field optical head 
1 1 06 for generating the near field light and the light re- 
ceiving head 1108 are mounted on the respective sus- 
pension arms. However, it is possible that the near field 
optical head 1106 is integrated into the light receiving 
head 1108 tor carrying out by one suspension ann. 
[0096] Additionally, the illumination mode where the 
nearfield light is generated from the aperture to be scat- 
tered on the recording medium was performed but the 
collection mode where the near field light is generated 
on the surface of the recording medium to condense the 
light that has been scattered by the aperture can simi- 
larly perform the embodiment of the invention as well. 
[0097] Since the interaction by the near field light is 
utilized for reading or recording infomiation on the re- 
cording medium, recording or reading in the recording 
density that exceeds the diffracBon limit of light is real- 
ized. The near field light generated from the aperture 
greatly depends on the distance from the aperture for 
attenuation. However, the nearfield optical head follows 
the motion of the recording medium by the air-bearing 
surfaces formed on the nearfield optical head and the 
flexure structure of the embodiment. Thus, the stable 
interaction is always generated and stable signal out- 
puts can be obtained during recording and reading in- 
formation all the time. 

[0098] Additionally, the embodiment uses the flying 
head technique used in hard disk drives for controlling 
the height of the near field optteal head 1106 to the re- 



cording medium 1107. However, other than this control 
technique, the infomnation recording/reading apparatus 
of the invention can be realized by the method in which 
the height of the near field optical head 1106 from the 
5 recording medium 11 07 is measured by a capacity sen- 
sor and a piezoelectric actuator controls the height of 
the nearfield optical head 1106 from the recording me- 
dium 1107 according to the measured height. Using 
such a piezoelectric actuator can control the height of 
10 the near field optteal head 1 1 06 from the recording me- 
dium 1107 excellently and stable signal records or out- 
put signals can be obtained in reconiing and reading in- 
fonnnation all the time. 

[0099] The near field optteal head 1106 used in the 
15 embodiment is the same as the near field optical heads 
11 . 20, 30, 40 and 50 described in the embodiments 2 
and 3. 

[0100] Fig. 18 depkls a diagram seen from the top, 
which the information recording/reading apparatus de- 
20 scribedinRg.17is added with an opaque film forming 
part 701 and an aperture fomiing part 702 as an aper- 
ture fonnation mechanism. 

[0101] In the embodiment, when the aperture of the 
nearfield optical head 1106 is damaged due to impulse 
25 applied to the infomnation recording/reading apparatus, 
abraston or degradation over time, the aperture can be 
produced again without dismounting the near field opti- 
cal head from the apparatus by the aperture fomiation 
mechanism configured of the opaque film forming part 
30 701 andtheaperturefonningpart702,whteharefonned 
inside the infonnnation recording/reading apparatus. 
[0102] When the aperture of the near field optical 
head 1106 is damaged, the opaque film that fomns the 
aperture might be peeled off or an external matter might 
35 be attached on the upper part of the aperture to block 
the aperture. 

[0103] Then, an opaque film is again fomned on the 
point of the tip by the opaque film fonming part 701 and 
then an aperture is produced on the point of the tip by 
40 the aperture fomning part 702. 

[01 04] It is needless to say that the near field optical 
head is incorporated into the information recording/ 
reading apparatus of the embodiment without fomning 
the aperture on the point of the tip and the aperture can 
4s be fonmed by the aperture fomning part 702. 

[0105] Next, a method for producing the aperture us- 
ing the aperture formation mechanism vwll be described. 
[0106] Fig. 1 9 deptets the vfcinity of the opaque film 
forming part of the aperture fomnation mechanism. The 
so opaque film forming part 701 is made of an opaque film 
material container 802 and an opaque film material 801 
incorporated into the opaque film material container 
802.The opaquefilm material container802 is equipped 
with a heater for melting the incorporated opaque film 
55 material 801 . 

[0107] The near field optical head 1 1 06 is moved to 
the upper part of the opaque film forming part 702. The 
opaque film material 801 incorporated into the opaque 
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film material container 802 is heated by the heater of the 
opaque film material container 802 to melt the opaque 
film material 801 . The point of the tip 1 of the near field 
optical head 11 06 is inserted into the molten opaque film 
material 801 . Then, heating the heater is terminated to 
allowthe point ofthe tip 1 to be covered with the opaque 
film material. 

[01 081 For the opaque film material 801 , a metal such 
as aluminium, chromium, gold, platinum, silver, copper, 
titanium, tungsten, nickel and cobalt or an alloy thereof 
is used. The opaque film material 801 is desired to be 
the same material as the opaque film 3 of the near field 
optical head 1106 but ft is unnecessarily the same. 
[0109] Then, the near field optical head 110S having 
the tip 1 covered with the opaque f ilm by the opaque film 
forming part is moved to the upper part of the aperture 
forming part 702. 

[01 10] Fig. 20 depicts the vicinity of the aperture f onm- 
ing part of the aperture fomnation mechanism. The ap- 
erture forming part 702 is made of a plate 901 and a 
presser 902. The method for f orniing the aperture using 
the plate 901 and the presser 902 is the same as the 
method described in the embodiment 1 and thus the de- 
scription will be omitted. 

[0111] In the case that an extemal matter is attached 
on the point of the tip 1 of the near field optical head 
11 06 only the process of the aperture fomning part 702 
can be form the aperture again omitting the process of 
the opaque film fomiing part 701 . 
[01 12] As described above, according to the embod- 
iment 4 of the invention, in the case that the aperture of 
the near field optical head 1 1 06 is damaged due to some 
reasons and reading the data recorded on the recording 
medium or recording data cannot be conducted in gen- 
eral,the aperture of the near field optical head can again 
be formed to record and read data. 
[0113] In the case that the structure adopted in the 
hard disk drives where a recording medium "is fixed in- 
side the information recording/reading apparatus is 
used in the information recording/reading apparatus of 
the invention, even reading the data that has been re- 
corded so far IS not conducted to lose important data 
when the aperture ofthe nearfield optfcal head is once 
damaged. However, according to the embodiment, not 
only reading the inf omnation that has been recorded but 
also recording inf omnation on the recording medium can 
be conducted even under such conditions and reliabilrty 
of the information recording/reading apparatus is expo- 
nentially improved. Additionally, even when the struc- 
ture where the recording medium such as a magnet-op- 
tteal disk or a DVD-random access memory can be con- 
vertible is used in the infonnation recording/reading ap- 
paratus of the invention, lifetime as an apparatus can 
be prolonged exponentially Efferts such as the realiza- 
tion of a long lifetime apparatus and the Improvement of 
the reliability can be obtained. 
[01 1 4] Furthemnore, in the embodiment 4, the config- 
uration adding the aperture formation mechanism to the 



Infonnation recording/reading apparatus can substan- 
tially improve the reliability of the overall apparatus with 
a small increase in costs for the aperture fomnation 
mechanism. 

5 [0115] Moreover, the near field optical head Is incor- 
porated into the infonnation recording/reading appara- 
tus without producing the aperture when fabricating the 
near field optical head and then the aperture can be 
formed by the aperture forming part. 
10 [0116] According to the embodiment 1 of the inven- 
tion, the heights of the tip and the stoppers can be con- 
trollwl excellently and the displacement of the plate can 
be made smaller by providing the stoppers. Thus, the 
aperture having a uniform and minute size can easily be 
15 formed on the point of the tip without using the actuator 
having high resolution. In our experiment, just tapping 
the presser with a hammer in hand coukl fomi an aper- 
ture having a diameter of 1 00 nm or under. Addrtionally, 
the heights of the tip and the stoppers can be controlled 
20 excellentlyandthustheproductionyieldsoftheaperture 

were Improved. In addftion, the wori< 1 000 described in 
the embodiment 1 of the invention can be fabricated by 
the photolithography process. Therefore, a plurality of 
the works 1 000 can be fabricated on the sample having 
25 a large area such as a wafer and the aperture having a 
uniform aperture diameter can be fomned on each of a 
pluralfty of the wori<s 1 000 fabricated. Furthemnore, the 
strength of the pushingf orce can be changed easily and 
thus the apertures having a different aperture diameter 
30 can be formed on the respective multiple wortis 1000 
fabricated. Moreover, simple applteation of the force F 
forms the aperture and therefore the time to produce the 
aperture is as short as from a few seconds to a few tens 
seconds . Besides, according to the embodiment 1 of 
35 the invention, any fabricating environment is accepta- 
ble Therefore, fabrication in the atmosphere is possible 
and fabricating states can be observed by the optical 
microscope immediately. In addition, fabrication m the 
scanning electron mka-oscope allows the fabncating 
40 states to be observed with higher resolutions than the 
optical mteroscope as well. Furthennore, fabrfcation in 
a liquid allows the liquid to serve as a damper and thus 
fabricating conditions with improved controllability can 
be obtained. 

45 [0117] Additionally, multiple apertures having a uni- 
form aperture diameter can be produced at one time by 
applying the pushing force to the sample fabricated with 
a plurality of the worics 1000 in the block. In the case of 
fabrication in the block, the fabrication time per aperture 
50 becomes extremely as short as a few hundreds millisec- 
onds or under, depending on the number of the wori<s 
1000 per wafer 

[0118] Addftionally, in the near field optical head 
shown in the embodiment 2, in addition to the effect of 
55 the embodiment 1 , the aperture can be formed to have 
the same height as that of the air-bearing surfaces and 
thus the aperture is allowed to come close to the record- 
ing medium to the extent of the flying height of the head. 
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Furthermore, the topology of the minute aperture 
formed projects from the opaque film and has an acute 
point, realizing an optical resolution (50 nm or under) to 
the extent of the point diameter. Moreover, the tip is 
made of a quartz material having high transmisssivily. 
Besides, it has a refractive index of about 1.5 and the 
tip is fomied to have a vertical angle of about 90" . Thus, 
the cutoff area where optical attenuation is great be- 
comes smaller from the viewpoint of the light. Therefore, 
the optical efficiency at the aperture is improved and 
high-speed reading or recording micromarte is made 
possible. 

[01 19] Additionally, the near f ield optical head in the 
embodiment 2 can be fabricated by the silicon process 
utilizing micromachining as typified by photolithography 
and is suitable for mass production. Furthemnore, the 
method shown in the embodiment 1 can fabricate the 
aperture having a stable and unif omi size with low costs. 
Thus, mass production is facilitated and low-cost, highly 
reliable near field optical head can be supplied in high 
volume. Besides, the aperture can be tomied stably and 
easily and the optical efficiency thereof is high. There- 
fore, in addition to the realization of a high density re- 
cording bit and a small diameter disk, reduction of the 
optical information recording/reading apparatus in size 
and weight can be realized. 

[0120] In addition, the near field optical head in the 
embodiment 3 does not need to form the stoppers. 
Thus, yields are further improved and a near field optical 
head'of low cost and a high density optical memory de- 
vice can be supplied. 

[01 21 1 Additionally, in the information recording/read- 
ing apparatus in the embodiment 4, even when the ap- 
erture of the near field optical head is damaged due to 
some reasons and reading the data having been record- 
ed on the recording medium or recording data cannot 
be conducted in general, the aperture of the near field 
optical head can again be fonned to record and read 
data. In the case that a structure adopted in the hard 
disk drives where the recording medium is fixed inside 
the information recording/reading apparatus is used in 
the information recording/reading apparatus of the in- 
vention, even reading the data having recorded so far 
cannot be conducted to lose important data when once 
the aperture of the near field optfcal head is damaged. 
However, according to the embodiment, even under 
such conditions, not only reading the data having been 
recorded but also recording inf onnation on the recording 
medium can be conducted and consequently the relia- 
bility of the information recording/reading apparatus is 
improved exponentially. Furthennore, in the case that a 
structure where the recording medium such as the mag- 
neto-optical disk or the DVD-random access memory Is 
convertible is used in the information recording/reading 
apparatus of the invention, lifetime as an apparatus can 
be prolonged exponentially. Effects such as the realiza- 
tion of a prolonged lifetime apparatus and the improve- 
ment of reliability can be obtained. 



p)1 22] Also, according to the embodiment 4, the con- 
figuration adding the aperture formation mechanism to 
the information recording/reading apparatus can sub- 
stantially improve the reliability of the overall apparatus 
5 with some increases in costs for the aperture fonnation 
mechanism. 

[01231 BesWes, the nearfield optical head is incorpo- 
rated into the infonnation recording/reading apparatus 
without forming the aperture when fabricating the near 
10 field optical head and then the aperture can be formed 
by the aperture forming part. 
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Claims 

1 . A method for producing an aperture comprising the 
steps of: 

forming an object for aperture f onnation having 
a tip of conical or pyramidal shape, having an 
opaque film provided on the tip and having a 
stopper, a height of the stopper is almost the 
same as that of the tip, 

displacing a pressing body having approxi- 
mately a plane covering the tip and at least a 
part of the stopper by a force having a compo- 
nent toward the tip to forni an aperture on a 
point of the tip. 

30 2. IK method for producing an aperture comprising the 
steps of : 

forming an object for aperture f omation having 
a tip of conical or pyramidal shape, having an 
35 opaque film provided on the tip and having a 

stopper, a height of the stopper is almost the 
same as that of the tip, 

displacing a pressing body having a planar part 
to come into contact with the tip and at least a 
40 part of the stopper in a direction toward the tip 

to fonri an aperture on a point of the tip. 

3. A method for producing an aperture according to 
claim 1 or 2, wherein the tip of conical or pyramidal 

45 shape and the stopper are formed simultaneously. 

4. A method for producing an aperture according to 
claim 1 or 2, wherein the object for aperture fomna- 
tion has a plurality of the tips and an aperture is 

50 formed on a point of a plurality of the tips simulta- 
neously- 

5. A near field optical head comprising: 

55 a pointed tip; 

an aperture formed on a point of the tip; and 
an opaque film covering the tip, wherein at least 
a part of the opaque film near the aperture is 
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plastically deformed. 



6. A near field optical head according to claim 5, fur- 
ther comprising a stopper having almost the same 
height as that of the tip. 

7. A near field optical head according to claim 5 or 6, 
wherein the tip and the stopper are made of the 
same material. 

8. A near field optical head according to any one of 
claims 5 to 7. wherein a part of the tip projects from 
a part of the opaque film. 

9. A near field optical head according to claim 6, 
wherein the stopper receives a liftforce by a relative 
motion with a recording medium so as to Iteep a dis- 
tance between the aperture and the recording me- 
dium constant. 

10. Amethod for fabricating a near field optical head 
comprising the steps of: 

forming a tip of conical or pyramidal shape 
pointed toward a recording medium; 
forming a stopper having almost the same 
height as that of the tip; 
forming an opaque film on the tip; and 
forming an aperture on an apex of the tip by 
allowing a plate-like member covering the tip 
and at least a part of the stopper to come into 
contact with the tip to deform the opaque film 
near the apex of the tip. 

11. A method for fabricating a near field optical head 
according to claim 1 0, wherein in the step of forming 
the aperture, a plurality of apertures is formed si- 
multaneously. 

12. A method for fabricating a near field optical head 
according to claim 10 or 11, wherein the step of 
forming the tip and the step of fomning the stopper 
are the same step. 

13. A method for fabricating a near field optical head 
according to any one of claims 10 to 12 comprising 
the step of removing the stopper after the step of 
forming the aperture. 

14. An infomiatfon recording/reading apparatus for re- 
cording or reading information utilizing a near field 
light, the apparatus comprising: 



head, wherein the near field optical head has a 
tip of conical or pyramidal shape transparent to 
a light having a desired wavelength, an opaque 
film covering the tip, and an aperture fomnation 
5 mechanism. 

15. An infonnation recording/reading apparatus ac- 
cording to daim 1 4, wherein the aperture fomiation 
mechanism is a stopper having almost the same 

10 height as that of the tip. 

16. An information recording/reading apparatus ac- 
cording to claim 14 comprising a distance-control 
mechanism for controlling a distance between the 

IS near field optical head and the recording medium. 

17. An information recording/reading apparatus ac- 
cording to claim 16, wherein at least a part of the 
distance-control mechanism is air-bearing surfaces 

20 formed on the near field optical head. 

18. An information recording/reading apparatus ac- 
cording to claim 16, wherein at least a part of the 
distance-control mechanism is a piezoelectric actu- 

25 ator. 

19. An infomiation recording/reading apparatus ac- 
cording to claim 17 or 18, wtierein at least a part of 
the distance-control mechanism is a protective part 

30 for the aperture. 

20. An infomiation recording/reading apparatus ac- 
cording to daim 16, wherein the aperture fomnation 
mechanism also serves as the distance-control 

35 mechanism. 
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50 



a recording medium; 

a near field optical head having an aperture on 
a side of the recording medium; and 
a light guiding structure for guiding a luminous 
flux from a light source to the near field optical 
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